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論 文 内 容 要 旨 
 
In order to better understand global and regional carbon cycle, inverse and forward modeling 
analyses were carried out using a three-dimensional global atmospheric transport model developed 
at National Institute of Environmental Studies (NIES-TM); 1) estimation of carbon fluxes for the 
Siberian region, 2) creation of global high-resolution “a priori” concentration fields of atmospheric 
CO2 and CH4 for use in GOSAT satellite data retrievals, and 3) estimation of carbon fluxes from 
GOSAT and multi-year ground-based global observations. The study is summarized as follows: 
 
1) We developed an inverse modeling system based on NIES-TM and a Kalman smoother approach. 
Using this system, detailed carbon fluxes in Siberia from 2000 to 2009 were estimated using the 
CO2 data from a Siberian tower network (Japan–Russia Siberian Tall Tower Inland Observation 
Network; JR-STATION) and four aircraft sites, together with those from background surface flask 
measurements by the National Oceanic and Atmospheric Administration (NOAA). The inversion 
analysis based on only the NOAA data yielded the CO2 flux of –0.56  0.79 GtC yr-1 for boreal 
Eurasia, whereas a weaker uptake of –0.35  0.61 GtC yr-1 was deduced by including the Siberian 
data. The difference between the two values is mainly caused by weakening of the summertime 
uptake, especially in East Siberia. By including the Siberian data, the uncertainty of regional flux 
was reduced by 22 %, on average, for boreal Eurasia, and by up to 80 % for eastern and western 
Siberia. The inversion results based on both the NOAA and Siberian data showed that interannual 
variability of the carbon flux was larger in East Siberia than in West and Central Siberia. 
 
2) A new simulation system was developed to generate global and near real-time concentrations of 
atmospheric CO2 and CH4 by driving NIES-TM using a high-resolution meteorological dataset 
(Grid Point Value (GPV) prepared by the Japan Meteorological Agency) in order to operationally 
retrieve XCO2 and XCH4 from GOSAT short-wavelength infrared spectra in near real time at 
NIES. NIES-TM had the horizontal resolution of 0.5° × 0.5° to utilize the GPV data with the same 
spatial resolution and 47 vertical levels in sigma coordinate. Its output was set the horizontal 
resolution to be 0.5˚ and the vertical resolution to be 21 pressure levels with a time interval of 3 
hours. The performance of this system was assessed by comparing the simulated results with the 
GLOBALVIEW data and other observational data. The overall root-mean-square differences 
between the model simulations and the GLOBALVIEW data were estimated to be 1.45 ppm and 
12.52 ppb for CO2 and CH4, respectively, and the seasonal correlation coefficients were 0.87 for 
CO2 and 0.53 for CH4. The new version of NIES-TM showed good performance particularly at 
ocean and free troposphere sites. By increasing the model resolution, the reproduction of synoptic 
scale CO2 and CH4 variations observed at some sites, as well as of stratospheric CO2 and CH4 
profiles over Japan, was also greatly improved.  
 
3) Surface CO2 fluxes was estimated by applying the inverse modeling system to the XCO2 data 
from GOSAT and the CO2 concentration data from ground-fixed sites by NOAA. The results 
showed that the differences between the carbon fluxes estimated from the NOAA data and the 
NOAA plus GOSAT data were remarkable especially in Northern Eurasia, Equatorial Africa and 
Equatorial America where the ground-fixed observation sites are sparse. Uncertainty reduction 
rates of 40%–70% were achieved by including the GOSAT data, compared to the results obtained 
using only the NOAA data. The inclusion of the GOSAT data enhanced and weakened the 
summertime sink in northwestern and southeastern parts of boreal Eurasia, respectively, with a 
clear uncertainty reduction for both regions. It was also found by adding the GOSAT data that 
Equatorial African carbon fluxes were increased in boreal winter, exceeding interannual variability 
























 次に、NIES-TM を水平解像度 0.5˚に高分解能化し、気象庁の高分解能気象データ（Grid Point 
Value）を適用することで、大気中 CO2 濃度の 3 次元全球分布を準リアルタイムで提供する画期的なフ
ォワードモデリングシステムを開発した。モデルの解像度を上げたことにより、CO2 濃度のシノプティ
ックスケール変動の再現性が向上し、より現実的な CO2濃度場を提供できるようになった。このシステ
ムは、国立環境研究所において温室効果ガス観測技術衛星 GOSAT 短波長赤外スペクトルから CO2の気柱
平均濃度(XCO2)を導出する定常処理に組み込まれ、導出に必須となるアプリオリな濃度場の提供に活用
されている。 
 最後に、GOSAT 衛星データを解析して得られる XCO2 データと地上観測データを用いたインバースモ
デリングを実施し、地上データのみによるインバージョンの結果と GOSAT データも加えた結果との違
いを明らかにした。その違いは特に地上観測の空白域である、北ユーラシア、赤道アフリカ、赤道ア
メリカで顕著であり、XCO2 データも加えることによりフラックスの不確実性が減少することを明らか
にした。衛星データを用いた CO2収支の研究は世界的にも緒に就いたばかりであり、本研究により先端
的な成果が得られた。 
 以上の内容は本人が自立して研究活動を行うに必要な高度の研究能力と学識を有することを示して
いる。したがって，佐伯田鶴提出の博士論文は，博士（理学）の学位論文として合格と認める。 
 
 
 
 
 
 
 
 
